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Introduction: The phase separation of soft and hard segment toward the air-polyurethane surface and polymer-
substrate interface was examined. This was conducted by investigation of the structural differences between the
air surface, interface and bulk films as a function of polyol molecular weight.

Methods and Materials: Polyurethane films were solution cast onto Al film substrates. The polyurethane films
investigated were consisted of polyether polyol soft segments and diphenylmethane-4:4’-diisocyanate (MDI) and
butanediol (BDO) hard segments. The structural differences at the polymer surface, the polymer/Al interface, and
the bulk polymer were examined using grazing and wide angle X-ray scattering. The results were confirmed by
the optical micrographs for the polymer film surfaces and the peeled polymer interfaces.

Results: The air polymer surface has a quite different structure from the bulk film and the polymer/Al interface.
Tape-peeled Al surfaces showed the presence of type || MDI/BDO crystallites in the polymer film residues, while
co-existence of type | and |l crystals (Table 1) appeared at air surface and in the bulk polymer (Tables 1 and 2).
Crystallization of soft segments took place in films with a polyol molecular weight of 1000 g/mol. In addition,
formation and/or segregation of soft segment crystallites at the polymer/Al interface resulted in a greater number
of polymer residues after peeling. The interpretations of the grazing angle scans for the peeled polymer surfaces
and the air surfaces were corroborated by the optical microscopy data; the surface spherulites, consisting of soft
segment crystallites, showed up at the surfaces of polyurethane films with polyol molecular weights of over 1000
g/mol. From the interplanar spacings, the interaction of the polymer with the Al surface resulted in local ordering
and strained chain alignments. It was determined that polyurethane film has three layers: air-polymer surface,
bulk, and substrate-facing polymer layer.
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Table 1. Interplanar spacings (A) of reflections for type | and Il crystals of MDI/BDO crystallites [1].

Type | 7.70, 5.01, 3.89, 3.53, 3.33

8.60, 4.94, 4.61, 4.45,4.16, 3.81, 3.51, 2.58,
2.49,2.08,1.93, 1.73, 1.61, 1.43, 1.26, 1.00

Type |l

Table 2. Interplanar spacings (A) for polyurethane films of various polyol molecular weights, from grazing and
wide angle X-ray scatterings. H indicates hard segments and S soft segment.

Molecular | ;. o\ \rface Bulk film Peeled — polymer | o osidues
weight interface
MDI/BDO | 5.00, 4.63, 1133, 5.54, 462, 4.23, 386, | 511, 473, 421, |, ooy
only 4.15, 3.28'(H) 3.30, 2.78 (H) 369 3.46,332 (H) | 484
650 No boaks 1133, 6.00, 561, 462, 423, | 6.02, 504 465, | 6.04 4.21,
P 3.86, 3.46, 3.30, 2.78 (H) 4.21. 3.45 (H) 3.45 (H)
363 (S) 11.33, 497, 462, 6.04, 491,
1000 450(8)421(H) | 357 337 350 (1) 8.25,4.21,345(H) | 351 3.4 i+
1400 4.42,3.64 (S) 365 (S) 11.33, 4.94, 462, | 449, 369 (S) 6.02, | 449, 3.69 (S)
4.21 (H) 4.27,3.87, 3.30 (H) 473,422,345 (H) | 4.15, 3.45 (H)
4.42, 3.64 (S) 467, | 448, 365 (S) 1133, 493, . .
2000 4.15, 4.01 (H) 4.67. 4.23,3.30 (H) No peeling No peeling
4.41,3.64 (S) 4.48, 3.65 (S) 5.98, 4.93, 4.67, . .
2900 4.65. 4.18 (H) 419, 3.42,3.30 (H) No peeling No peeling




